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Abstract 

In this paper I examine the breaking of internal symmetries from another point of 
view showing that is possible to reproduce the electroweak panorama of the tradi- 



(N 

r-^ I tional Standard Model in a exhaustive and self consistent way. The result is reached 

^D ■ applying the main futures of the old Nambu-Jona Lasinio (NJL) mechanism to an 

^T^ . electroweak invariant Lagrangian. In this context the use of functional formalism for 

f^ \ composite operators naturally leads to a different dynamical approach. While the 

^S ■ Higgs mechanism acts on the Lagrangian form, a NJL like model looks directly at 

the physics of the system showing the real dynamical content hidden in the Green 

functions of the theory. 



1 Introduction 



The aim of this model is to develop and analyze an alternative version of 
the traditional electroweak sector of the Standard Model (SM). In the latter 
the mechanism of mass "generation", for the gauge and matter field, is the 
direct consequence of the insertion in the Lagrangian of a gauge invariant 
scalar field with Yukawa coupling terms. Modifying suitably the potential 
parameters, the appearance of a vacuum expectation value introduces mass 
terms in the Lagrangian leading to a spontaneous symmetry breaking effect. 
A different approach reaches the same results through a process that doesn't 
act on the Lagrangian form but directly on the Green functions. The starting 
point of the whole mechanism draws inspiration from the basic work of Nambu 
and Jona Lasinio (NJL) that gave origin to the homonymous model [1]. NJL, 
aware of the tight analogy with the BCS theory of superconductivity, applied 
Bogoliubov's quasi particle method to the relativistic field theory. Through a 
simple four fermion chirally invariant interaction, they obtained a gap equation 
for an order parameter that is merely the dynamical fermion mass. Moreover 
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the model points out the presence of induced relativistic bound states as much 
as an unavoidable logarithmic dependence on the cut-off of the analytical 
results which, paradoxically, enriches the theory. In the first part of this work 
the fundamental ideas of this model are presented and then used with the 
combined support of the composite operators functional formalism for effective 
action and 1/N expansion techniques. I start by introducing a simplified four 
fermion (4-F) interaction term in a Lagrangian invariant under the SUl{2) 
® ^y(l) symmetry group. Using stationary condition on the effective action 
I find a Schwinger-Dyson (SD) equation for the top quark propagator in the 
form of a self consistent condition for its dynamical mass. After having fine 
tuned this condition, setting the system in the asymmetrical phase (breaking 
chiral invariance), I proceed to extract the correct Bethe-Salpeter equations. 
The latter show the presence of a series of bound states playing the role of 
Goldstone and Higgs bosons of the traditional SM. Going on, calculating the 
gauged SD equations, it is possible to ascertain the absorption of the pseudo- 
Goldstone modes by the electroweak gauge propagators. In this way mass 
terms are induced for W^ and Z°, while the photonic propagator remains 
mass free. Section 2 is a kind of toolbox in which a short explanation of the 
mathematical instruments, used in the rest of the paper, is given. In section 
3 I introduce a 4-F interaction and analyze the SD equations for the fermion 
propagators. Section 4 is devolved to the relativistic bound states and to their 
mass spectrum. In section 5 I take in consideration the SD equation for the 
gauge electroweak propagators showing the mass inducing effect caused by 
the pseudo-Goldstone amplitudes. Considerations and conclusions follow in 
the last section. 



2 Functional formalism toolbox 



The first problem to be resolved is the possibility of using the same formalism 
to analyze order parameters (as the mass operator functions) and bound states 
amplitudes. Second, but not less important, is the quest for an equivalent 
approximation order for all the results obtained in the course of the work. 
The functional effective action for composite operators seemed to have all the 
properties we were looking for. First of all its stationarity under variation with 
respect to the second Legendre variable (on physical states) gives directly a SD 
equation for a local propagator that includes all the corrections coming from 
the interaction terms in the Lagrangian. Then, the second derivative respect 
this propagator represents the inverse bilocal connected function of the theory, 
that in simple words is the connected part of a four point particle scattering 
amplitude. The second requirement on bound states is then accomplished. It 
remains the approximation problem. It was evident that I should consider 
some kind of cutting process so to make possible the practical handling of 



expressions in terms of the most relevant contributions. Moreover the order of 
approximation had to be the same for every exphcit formula. In this case the 
use of functional formalism points out, as natural solution, the approximation 
in series of 1/Nc (where N^ is number of colors) showing the high level of self 
consistency of this approach. 

For simplicity let me introduce the functional formalism for composite opera- 
tors in case of a scalar field (p{x). As we already know, the application of the 
Legendre transform to the usual generating functional Z{J), that depends on 
the local source J{x), gives the generator of the 1-particle irreducible graphs 
of the theory. If we formally define a generating functional that also depends 
on a bilocal source K{x, y) 



Z{J, K) =exp 



'-W{IK) 



expi- 



d^x {C{<p) + 0(x) J{x)) + 

(I) 



+ JJ d xd y 0(x) K{x, y) (t){y) 

we can imagine to recover an analogous generator with a similar transform. I 
will call the latter second Legendre transform. 



r((/),, G) = W{J, K)- j d^x (P^{x) J{x) -- ff d^xd^y (/),(a;) K{x, y) x 
X(l)c{y)-^fiJJ d'^xdS G{x,y) K{x,y) (2) 

with 



^^^^ = 0,(x) = (O|0(x)|O) 

^^ = I [<Pc{^)<PM + m^, y)] = (o| 0(x)0(y) |o) . (3) 

The functional so obtained is consequently the generator of the 2-particle irre- 
ducible Green functions ^ with all the internal lines expressed in terms of the 
complete propagator G {x, y). The word complete here is used because G(x, y) 
automatically takes into account the corrections coming from the interaction 
terms in the Lagrangian. This functional together with its two stationary con- 
ditions 



^^^f^ = - J(x) - / A K{x, y) <PM (4) 



^ We call 2 point irreducible a fuction whose graph remains connected cutting any 
couple of internal lines. 



give the Jackiw, Cornwall and Tomboulis[2] variational method for compos- 
ite operators. On physical states, when all the sources are equal to zero, (4) 
become a system of equations from which is formally possible to extract the 
expressions for (f>^ and G. In particular the latter equation, depending on self- 
energy, represents essentially the SD equation for G. In order to extract an 
explicit expression for G we have to obtain a practical method that gives 
formulas to be handled with approximation procedures. One of the most 
known is the loop expansion [2] [4]. Referring to the usual scalar field action 
S {(/)) = J d^x C {(f) i.^)) and defining 

iT) {(/)-x,y)= =iD {x-y) + 

b(p[x)b(p[y) b(p[x)d(p[y) 



with D the inverse free propagator, it is possible to write the effective action 
as 

r(0„ G) = 5(0J + UhTi [in (dG-^) + S)-i(0jG' - l] + V^^cj),, )G. (5) 

An infinite number of terms are stored in r2 and its definition is possible 
through a slightly different version of the classic action where the field 
is translated by the quantity 0^. This defines a new interaction Sint (0; 0c) 
whose vertices explicitly depend on 0^. With this premise r2 is made by the 
collection of all 2-particle irreducible vacuum graphs determined by a theory 
with the interaction Sint (0; 0c) and all the internal lines equal to G. These 
graphs are easily classifiable in a loop series giving a coherent expression for 
(5). This argument is equally reproducible for gauge boson and fermion fields 
with the exceptions that for the latter -0^ = (0 \iIj\ 0) is identically zero (with 
the consequence that S)"^ is equal to D~^) and all the -^ factors must be 
replaced with 1. Let us imagine, now, to set the first stationary condition such 
that 0c = 0, the functional VF(0, K) = j lnZ(0, K) becomes the generator of 
the bilocal connected Green functions 



oo /-Nn-l 



W^(0, K)=Y, ^±—G^^\xm- ...■ Xnyn)K{xi- y,) . . . K(x„; y„) (6) 

with 



„=o n- 



G^^\xiyi; . . . ; Xnyn) - 



6K{xi;yi) . . .6K{xn;yn) 
while r(0, G) is the sum of all 2-particle irreducible (2PI) vacuum graphs of 



the same theory. If we substitute now the scalar field with a generic spinorial 
one, the last formula do not involve any ansatz on -0^, but are a natural 
consequences of the antisymmetric character of the field. In this scenario the 
combined effect of the two formula 

SK(x;y) ''*''''" SG{x^,y) '^^'^'^' 

leads to the integro differential equation 



d X d y 



6Gat3{xi; yi)6G^s{x; y) 6Ksy{x; y)5K^e{x2; 2/2) 
= - [SaTjSpe^ixi - X2)S{yi - ^2)] 



where the Greek indices are spinorial. This demonstrates that T^'^\xiyi; X2y2) 
is the inverse of the four point connected Green function G)P{xiyi]X2y2)- 
Using now the loop expansion to calculate V^'^\ we simply recover a compact 
expression for G^^-* in momentum space 



G^p^.s {P; Q; P) = G^pns (P; ^' ^) + ^ // d'^' ^V G^^^,,, (p; q'- P) X 



xK,.,.,(p';g';P)GiJ)^,^,(g';g;F) (7) 



where 



r2-p 

G^UiS fe ?5 P) = (^^Mp - l)Ga5{p + VP)G,^{P - (1 - V)P)- 

This is exactly the Bethe-Salpeter (BS) equation cited at the beginning of the 
section. For cases in which its expression is relatively simple, this equation is 
the starting point from which to detect the presence of bound states. In the 
present one the expansion in series of -^ of the kernel K {p; q; P), permits to 
solve it in an elegant and self consistent way. 



3 The breaking of chiral invariance 



After the technical premises of the previous section we can enter the core of 
the model. Let us consider a local SUl {2)^Uy (1) gauge invariant Lagrangian 
divided in the following groups of terms: a pure gauge electroweak sector Cb, a 



pure ferinionic sector Cp including all three families of quarks and leptons and 
a 4-F interaction C^^^p (note that we are not including any Higgs or Yukawa 
term). A sufficiently general 4-F interaction expression could be 



•-4-F 



K 



a,b 

a,l3 



i^lrn) {^>1) 



a,f3 and a, b being respectively family and isospin indexes. In order to be gauge 
invariant, the possible indexes of this expression are constrained by the values 
of the weak hypercharge quantum numbers. This implies that both the pairs 
a, (3 and a, h must be at the same time quark like or lepton like. Moreover 
a and h must always refer to the same isospin orientation. We need now to 
make a reasonable hypothesis, on a phenomenological basis, so as to restrict 
the number of possible interaction terms. A strong indication comes from the 
abnormal heaviness of the quark top. It could be a significative signal of its 
major role in comparison with the other lighter fermions suggesting to ignore 
all other interaction terms apart from those involving it directly. This doesn't 
mean that all the other terms are canceled, but that, for the moment, we 
consider a simplified model with 



C 



4-F ■ 




(9) 



where h indicates quark bottom and t quark top. Expression (9) is crucial for 
the determination of r2 in the loop series expansion of the effective action 



r (Gi, G,)=iN, Y. J J d^^ d^y Tr [\nS-\x - y)G,{y; x) + 

a=b,t 

-S;\x - y)Ga{y; x) + l]+ T, (G^, G5) (10) 

where every N^ comes from the sum over color for each quark loop considered 
and S~^ is an inverse free propagator of the theory. The loop expansion of r2 
gives schematically 



r2 {Gt, Gh) = N,F_^ (TrGt) + Fq (TrG* + Tr {G^ G, 
+ ^Fi(TrG'i + Tr(Gi;G6) + ...) + . 



with 



+ 



F_i = -^|rf^x|[' 



Tr I -Gt{x;x] 



+ 



Tr ( -ij5Gtix;x] 




1 ^2' 



Tr 



Gt[x] x)- — -^(^^(a;; x) 



1 ^2- 

-Gt{x\x 



+ ... 



Taking in consideration the highest order in the -^ expansion we finally arrive 
to 



a=b,t 



r {Gt, Gb) = iNc E / / d'^x A Tr [in S-\x - y)Ga{y; x) + 



S-\x - y)Ga{y; x) + l]-g d^x Nc 



Tr ( -Gtix;x] 



Tr ( 2^75G't(a^;3:^ 



+ 

'in 



As we can see this expression contains terms of the same order and so its 
solution will be completely self-consistent. But before starting to search for it, 
is necessary to make some remarks. Let's go back to the stationary conditions 
(4) and analyze their meanings on the mass shell 



S(f)^{x) 
STi<P,,G) 
SG{x,y) 




0. 



:i2) 



In the traditional SM the Lagrangian depends on an explicit complex scalar 
doublet, invariant under global SUl{2) transform. The effective action is then 
the first Legendre transform of the functional action Z{J), meanwhile the first 
stationary condition (12) (the only one in this case) determines univocally c;/)^. 
It is just a positive value of (j)^, on the mass shell, that breaks the global SUl{'2) 
leading the electroweak breaking. In the present case the attention is, instead, 
focused on the second relation of (12). The main target is to find a solution 
for Gt that breaks chiral invariance spontaneously giving a dynamical value to 
the mass operator. As the global symmetry breaking in the Higgs mechanism, 
the chiral symmetry breaking is just a means trough which it is possible to 
reach the electroweak breaking. We can now impose on (11) the second of the 
(12), calculated for the quark top propagator, remembering that the breaking 
of a loop, in the derivation process, carries a multiplicative -^ term 



5V{Gt,Gb 
5Gt{t-z) 



iGi\p)-tS;\p)-]-- ^ 



2(27r) 



f d^kTT[Gt{k)] = 0. 



(13) 



A possible solution for Gt is obtained with the help of the additional hypothesis 
of linearity a la Hartree-Fock. Writing Gt^{p) = S^^{p) — '^t{p), the (13) 
becomes an integro-differential equation for the mass operator Ej(p) 



Mp) 



iG 



2{2Tvy 



d^kTi 



k^j^ + Etik) 



A;2 



^Kk) 



(14) 



Because of momentum independence, ^tip) can now be written as mt- This 
fact transforms the last equation in a self-consistent condition that will be 
frequently used in the following analysis of the bound states 



2ig_ 

{2^Y 



d^k 



k^ — mf 



(15) 



After regularization, (15) becomes an important expression linking together 
cut off, dynamical mass and 4-F coupling constant Q 



Q-' 



87r2 



^.n^ 



A2 



mr 



(16) 



This is the first important result and needs some observations. First it contains 
two cut off dependent terms, one logarithmically and the other quadratically 
divergent. In some way it resembles the quadratic divergence of the Higgs 
mechanism where a fine tuning of the Yukawa and scalar quartic coupling 
constants were required. Second, for positive dangerous values of mf it implies 
that /C 



^ > 1 giving to Qc = ^ the significance of a critical coupling 
constant, dividing the symmetrical from the asymmetrical phaseQ. This means 
that even the (16) needs a fine tuning process in order to respect the hierarchy 
of scales rrit -C A, together with the continuum limit lim /C = 1. From this 

point of view the spontaneous and dynamical symmetry breaking mechanisms 
resolve their divergence problems in a similar way with the only difference 
that from the point of view of renormalization group the continuum limit for 
/C can be interpreted as an ultraviolet stable point 



lim 

a2 _ 



/5, 



/c 



die 
d\nA 



0. 



2 For what concerns Gb, its solution here is not considered for two main reasons: 
the dependence on powers of jj- is of higher order respect that of Gt and the 
experimental values of rrif and m^ suggest to work in the condition of maximal 
isospin violation. 



4 Vertex operators 



The breaking of chiral invariance, just described, is an indispensable ingredi- 
ent for the development of the entire model. In particular, as already stated, 
the use of the (15) in the (7) eliminates quadratic divergences from vertex 
amplitudes and makes possible the individuation of poles in their spectrum. 
Depending on the interaction form there are three kinds of vertices: a scalar, 
a pseudoscalar one and two mixed. In all the typologies the basic instrument 
of research is the BS equation. In fact the vertices operators can be written as 



^ps{x,y) 



^ (0| T immtixytiy)] |0), = -G(Ji^,,,(x?/; 00)^S,s 



2Nc 

g 

2N, 



c 



(0|T[t(0)75t(0)t(x)t(y)]|0), 



2Nc 
Q_ 

2Nc 



-'^cS/3,75(3^?/; 00)^ (75)75 






g 



(2) 



(0|T b{l + ^,)tbt |0), = -G^;^^,^,(x?/;00) 



4N< 



c 



(2) 



(0| T t(l - ^,)btb |0), = -G'^Lf^^^si^y, 00) 



4iVc 

g 



4N, 



c 



75)75 
■ 75)75 



so that their Fourier transforms can be inserted in the (7). Again the principal 
dynamical informations that enter in the equations are collected in r2 in the 
form of a second derivative kernel. The problem, here, resides in the fact 
that the higher order in powers of -^ is not easily given by the first graphs 
of the loop expansion of r2. In fact its double derivative carries extra -^ 
factors that forced us to take into account an infinite series of graphs with 
the consequence of complicate combinatorial calculus. Moreover we should 
take great care of the spinorial indices that often are the keys of the right 
approximation. For reasons of convenience is preferable to treat the scalar 
and pseudoscalar vertices independently from the mixed ones. Thus we have 
for the kernel 



K 



a/3,75 ■ 



fT2{Gt,Gk) 

^Gt-ajS^Gt-jS 
OSaOpy 




g_ 

2Nc 
00 

n=l 



^OfT [^^P^^^ + (^75)a/3 (^75) 



+ (^5)5^ (^75)/37 



75 



+ 



1+ E [Fps] 

n=l 



+ 



;i7) 



with 






G,|,+ f)G,(,-^ 



75^* ( ^ + y) l^Gt [Q-^ 



The next step, after the insertion of Kq^,^^, consists in an infinite reiteration 
process of the BS equations. The spinorial indices play, in this case, a major 
role in selecting which reiterated terms must be kept or just ignored. The 
point of the question resides in the rising of spinorial traces of propagators, 
each carrying an Nc factor with it. Thus only the first term of Kai3,-ys is kept 
producing a great simplification of the final expressions 



^PS;al3{P) 



Q 



2iVc 
Q 



Sa, 1+ E [FsiP)r 



(19) 



n=l 



2N, 



c 



(75)., 1+ E [FpsiPT ■ 



ra=l 



After regularization, it is always possible to locate a set of values of P^ for 
which F (P) < 1, the last expressions becoming a geometrical series and so 
can be formally rewritten as 



^S;afs{P) 
^PS;al3{P) 



2Nc 

g 



^ 6afs[l-Fs{P)]-' 



(20) 



2N, 



c 



{l.).A^-Fps{P)]-'- 



Calculating (18) explicitly it is easy to express (20) suitably, showing they 
contain a term equal to the self-consistent equation (15), and arrive to the 
final expressions for the vertex functions 



^s {P) 
Tps{P) 




2N, 



c 



(27r) 



{k + P) — mf [A;2 — m 



(21) 



A similar procedure takes to the evaluation of the mixed vertex functions. 
The differences, in this case, are a slight change of spinor indices in the BS 
equation and a more complicate kernel 



Ka/3,75 [q; (p- k)] 



iQ 



^N, 



c 



1+75^(1-75^ i+E[^M(p)r 



n=l 



10 



leading to 



^M±;al3{P) 



(l±75)afl-^- 



G (^±^^)"Wi+f; [FM(P)r|x 



4iVc" "'"'' 4iVc (27r)4 ^ ^^^^ 
X / (i^Q NcTt [(1 T 75) Gi (g + P) rM± (F) G, (q) 



(22) 



with 



i^M (P) = j^, J dH Tr [(1 - 75) G, {I + P) (1 + 75) G, (/)] 



Unfortunately the reiteration of (22) doesn't eliminate any term and produces 
a final expression that, only under the right decomposition, becomes 



M±;al3 



(P) 



AN, 



c 



(1±75).;3 



1 - Fm (P) 



(23) 



with 



1 - Fm (P) 



Fm {Pf 



i<3 



(2 



TT 



1 
'2 



(27r) 



d^k {e-p 



kf (F - 
d^k {e 



[p 



{P + ky{k^-m: 




(24) 



Collecting results from (21), (23) and (24) it is straight now to observe that the 
scalar vertex presents a pole for a transferred momentum P = 2mt, while the 
pseudoscalar and mixed ones have poles at P^ = corresponding to bosonic 
bound states on their mass shell. In particular the scalar channel represents 
a top-antitop state that could be compared to a sort of pseudo-Higgs boson 
because of its extremely massive characteristic. Moreover the absence of a 
negative mass squared bound state is a first indication of the stability of 
the asymmetrical phase. The natural conclusion is that the pseudoscalar and 
mixed resonances are a sort of pseudo-Goldstone bosons coming from the 
breaking of the chiral invariance. At this point the logic hope is that these 
latter amplitudes shall be absorbed in some ways in the gauge electroweak 
propagators in the form of mass terms. The analogy with the Higgs mechanism 
would be, then, complete. 
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5 Electroweak symmetry breaking 



Having all the basic prerequisites in our hand it is now possible to approach the 
main target of this work. Because the SD equation coming from the stationary 
condition of the effective action is the main tool used in here, let us recall the 
loop expansion in terms of gauge propagators 



r(P,., Gu G,)='- Y: [// d'x d'y Tr {in [d;, {x; y) V;;' {y; x) 



=VK,yl,zo 



+ 



D;;' (x; y) V;^ {y, x)-l} + T2{V;^, Gt, G,)] (25) 



We obviously didn't mention terms dependent exclusively on fermion prop- 
agators because they would be eliminated by the stationary condition after 
the derivation respect I^* . Again the richness of the theory is enclosed in 
r2 and so depends on the form of interaction terms. In this case such terms 
are not only given by the 4-F interaction, but depends directly on the form 



of the neutral and charged currents J3 






(trt) 



bYb) - J^ 



6(1 + 75) 'j'^t with its complex 



and J'^ 

conjugate. Consequently the combinatorics of 2PI vacuum graphs becomes 
more complicate and necessitates an accurate evaluation that keeps an infi- 
nite number of terms of the same order in power of Nc- Taking into account 
only the higher order terms, the final expression, in the case of charged weak 
propagators is 



^2 [T^fiu^ Gt-, Gt 



with 



16^ 



A^, 



c 



(fxdS {Tr[G,(y;x)7^(l-75) x 



X G,(x;|/)(l + 75)7l^r.(^'2/)} + 



64 



A, 



c 






Ln=l 



(26) 



n— 1 



F^^ = ( y) / ■ ■ ■ / d^xd^z^ . . . d^ndS {Tr [G, (x; z^) (1 + 75) Gt (^i; x) x 
X 7^^ (1 - 75)] X Tr [G, {z^- z^) (1 - 75) Gt {zy, z^) (1 + 75)] x • • • 

... X Tr [Gb [Zn] Zn-l) (1 - 75) Gt [Zn-l] Zn) (1 + 75)] X 

Tr [Gt {y; z„) (1 + 75) G, (z„; y)Y{l- 75)] V% {x; y)} . 



6T(vZ,Gt,Gt) 



Applying the stationary condition — T-nW' = to the (25) one directly 
obtains the SD equation for the complete propagator P^ as a complicate 
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function of the free one D)^ and the fermionic G*t, Gb-, that demonstrate the 
complete absorption of the mixed vertex functions 



V 



w 



D 



^ " + ^ {Tr [GtY (1 - 75) Gb (1 + 75) 7l + ^R {Fm (P)) x 



^u 



X Tr 



GtY (1 - 75) GbVM^] Tr \rM^GtGbi^ (1 - 75)] } • (27) 



After a long and accurate regularization [3] that doesn't break the gauge in- 
variance one recover an expression that makes evident how the absorption 
process is a concrete "mass generation" mechanism giving body to the elec- 
troweak symmetry breaking 
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/iiy 



Jl iP' 



-P' 



e (P2) 



(2J 
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1 ^ Nc 



gUP') gl 487r2 
Ncmj 



In 



A! 

ml 



h' P 



327r2 



A2 



p' 



d^k 



mr 



\n^ + P' 

mf 



A;2 (A;2 - P2) 



mt 



F (F - P2) 



^ A;2 



2mf' 



The (28) has, evidently, a pole in correspondence of M^ = P"^ = g^ (P^) /i^ (P^) 
that is just the gauge mass term searched. 

A similar procedure, even if a bit more lengthy, applies for the neutral gauge 
propagators. After the additional transform that rotate fields from W3^,B^ 
to Z*^, A^ changing the interaction terms, the relevant difference is contained 
in the explicit expressions of the r2 expansion 



r^ + r^ 



ZO 



(29) 



where the photonic part is 



r^ = -'^-e^Nc JJ d'x d'y {Tr [G, {y; x) ^Gt {x; y) 7I V% (x; y)} + 



le'g 



N, 



c 



E^' 



(n) 
S 



E^t 



(n) 
PS 



(30) 



Lra=l 



.n=l 



with 
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^A,S- I — 



2 



d xd Zi . . .d Znd y {Tr [Gt {x; Zi) 'y^Gt {zi, x)] x 

xTr [Gt {Z2] Zi) Gt [zi] Z2)] . . . Tr [Gt [Zn] Zn^l) Gt {Zn-U Zn)] X 

xi:i[Gt{y;z^)Gt{z^;y)Y]V^A^-^y)] 



n— 1 



d xd zi . . . d Znd y {Tr [Gt {x; zi) ^'^Gt {zi; x) 75] x 



An) _fiG' 
a,ps-[y 

xTr [jr^Gt {z2] zi) -fr,Gt {zi; Z2)] . . . Tr [j^Gt {zn\ ^^n-i) l-^Gt {zn-\\ z^\ x 
X Tr [Gt (y; z^) i^Gt (^„; y) 7I V% (x; y)] 



meanwhile the Z^ part has the following form 



.zo 



Sl^c L 


^ d^xd% JTr 


Gt {y; X 


32 cos2 Q^ J J 


X Gt{x;y)((l-- sin^ ^ly ) - 75 ) 
VV 3 ) ) 


x{ 


00 
.n=l 


+ 


00 

/ , ^ZO,P 
.n=\ 


s 


1 



Gt (y; x) 7^ ( ( 1 - - sin' 6'h' ) - 75 | x 



V 



z" 



iglQ 



64 cos' 9w 



-Ncx 



with 



(31) 



F^A = (f)" 7 ■ ■ ■ / ^'"^^'"^ • • • ^'^"^'^ ^^'^ ^'^' y^ "" 



X |Tr ^Gt (x; ^1) 7^ (^(^1 " 3 sin' ^n-j - 75 j G^ (^1; x) 

xTr [Gt {z2] zi) Gt (^i; Z2)] . . . Tr [G* (2;„; Zn-i) Gt [zn^i] Zn)] x 

X Tr Gt {y; Zn) Gt {zn, ?/) 7'' f f 1 - - sin' 9w) - 75 



7W . 

Z0,P5 ■ 



2 
X JTr 



n— 1 



d xd zi . . . d Znd y V (x; y) x 



Gt (x; zi) 7^ n 1 - - sin' 6'h' j - 75] Gt {zi, x) 75 

xTr [75Gt (2^2; ^1) 75G'f (^i; 2^2)] • • • Tr [75Gt (2;„; 2„_i) 75Gf (zn-i; Zn)] x 



X Tr 



Gt (y, Zn) l^Gt {zn, y)Y lU- ^ sin' Ow) - 75] 



Again considering the stationary conditions for the neutral gauge boson prop- 
agators lead us to 
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V 



flU 



iP) = D±- (P) + 



AiNre'^ 



9 



{Tr [GtrCtY] 



-tTsTi [Gt^Gt] Tr [Ga^Gt] + 

- tVpsTi [Ga.GtY] Tr [Ga.GtY]} 



(32) 



and 



V 



/lU 



{P) = Dt {P) 



iNcgl 



Tr 



G.Ga'' [ [I- -sin' ew]- 7, 



X GtY ( ( 1 - ^ sin^ e 

-iVsTr 

xTr 

-iTpsTi 

X Tr 



16 cos^ 6w 



Ga'' {{1-- Sin' 9w 



75 X 



GtGa"" [[I- ^sin'Ow] -7, 



+ 



Ga,Ga'[(l-^sin'ew)-J, 

Ga,Ga''''[(i-lsin'ew)-i,) 



X 



(33) 



giving expressions in which vertex functions appear naturally. Explicit calcu- 
lations bring us to 






(P) 






fj,iy 



2 71,2 



.91 iP' 



-P'-f'iP 



(34) 



with 



1 



1 



A^, 



c 



gl{P') gl 967r2cos2% 



1 - - sin^ Ow) +1 



In^ + 



+ P' 



Amj 



k' (F - F2) 



fHP 



Ncmf 



327c^ cos^ 6w 



In- 



A2 p2 



d^k 



mt 



2 J k^k^-P^) 



1 



4m^ 



4mf 
1^ 



2\ "2 



giving to the Z° field a mass term M|o = P' = g' {P"^) P {P"^)- Meanwhile 
for the photon propagator one obtains naturally no mass correction but only 
a coupling constant renormalization. 



^,K''iP)=^{P'P''-9'"P')[^^ 



(35) 
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with 

1 _ 1 2Nc 

g2 (P2) - ;^ + ^7^ 



^m1^ J k^ (F - P2) 1^ 



4m| 




As we have aheady noted, in (27), (32) and (33) the inverse gauge propagators 
are corrected by means of terms that involve vertex functions. In a Feynman 
graph representation these terms contain internal lines corresponding to the 
resonance channels found in the section 4. In other words corrections to the 
gauge propagators imply inevitably the exchange of bound state particles. 
Moreover calculation details show [3] that the only vertices that contribute to 
the mass generation are those relative to the pseudo-Goldstone modes, while 
the scalar amplitude remains outside the process: a strong hint towards the 
identification of latter's resonance with a composite Higgs boson. 



6 General considerations and conclusions 



This work certainly doesn't constitute the only attempt to build a model that 
try to justify the largeness of the quark top mass and use it as a breakthrough 
in the electroweak symmetry breaking. An entire class of so called " Top Mode 
Standard Model" (TMSM) were written in the years that divide the last two 
decades[5]. A second phase for TMSM arrived after a period of five years when 
a series of works tried to improve the mechanism giving to it the label " renor- 
malizable" [6] [7] [8] . Despite their results and conclusions on the gauged NJL 
model and its renormalization, I would like to emphasize some aspects of the 
approach exposed here. Forgetting for the moment the divergencies included in 
the self-consistent equation (16), I show the importance of the chiral symmetry 
breaking as a means through which obtain a gauge symmetry breaking. The 
appearance of corrections depending on bound states amplitudes, in the SD 
equations for the inverse gauge propagators, makes the dynamical " absorption 
process" a real alternative model to the static Higgs mechanism. This result is 
not conclusive obviously: the expressions obtained in section 5 gives in terms 
of -^ power series the following behavior 

P.. = o(i) + (-^ 

This implies that in the SD equation for Gt the neglect of boson contributions 
to r2 wasn't the correct procedure. At least we should take in consideration 
the gauge propagator contribution to graphs in planar approximation which, 
in fact, carries the same order (in -^) of the 4-F interaction. This was not done 
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for two main reasons: the preponderance of 4-F induced terms due to the over- 
critical value of Q respect to gi and g2. Second, because the 4-F hypothesis was 
analyzed in a low-energy regime (the SD without gauge contributions could be 
considered the zero approximation for rrit in a P^ power series expansion) the 
"generation" of gauge masses would be then justified as a tree-level approx- 
imation. In this sense the next logical step would be the inclusion of gauge 
corrections to all the equations of the model. The program is compatible with 
fermionic SD and BS equations, but becomes really complex for gauge SD 
equations because of the combinatorics of the graphs which clearly complicate 
the localization of the "generated" mass terms. 

Second important remark concerns the supposed predictability this model can 
give of the SM mass spectrum. In section 3, in fact, I ignored some interaction 
terms in order to simplify the analysis of the successive sections. Even if not 
mentioned here I have studied [3] the consequences, on the fermion mass sector, 
of the insertion of additional 4-F interactions in the Lagrangian. In analogy 
with the work of Hasenfratz et Al. [9], I found that on this side gauged NJL 
models don't give any additional previsional information compared with the 
traditional Higgs mechanism. This should not divert the attention from the 
fundamental dynamical content that could help to enlighten several aspects of 
existing problems. The NJL model is still a fruitful argument of analysis and 
will be again a starring of future researches. 



References 

[1] Y.Nambu and G.Jona Lasinio, Phys. Rev. 122, 345 (1961); 246, 124 (1961) 

[2] J.M.Cornwall, R.Jackiw and E.Tomboulis, Phys. Rev. DIO, 2428 (1974) 

[3] E. Di Napoli, Laurea thesis, 20th of March 1997 

[4] R.W.Haymarker, Riv. Nuovo Cim.NS, 14 (1991) 

[5] V.A. Miransky, M.Tanabashi and K.Yamawaki, Phys. Lett. B221, 177 (1989). 
V.A.Miransky, M.Tanabashi and K.Yamawaki, Mod. Phys. Lett., 1043 (1989). 
W.A. Bardeen, C.T.Hih and M.Lindner, Phys. Rev. D41, 1647 (1990). F.King 
and H.Mannan, Phys. Lett. B241, 249 (1996). W.Marciano, Phys. Rev. D41, 219 
(1990) 

[6] M.Harada, Y.Kikukawa, T.Kugo and H.Nagano, Prog. Theor. Phys. 92, 1161 
(1994) 

[7] K.Kondo, M.Tanabashi and K.Yamawaki, Prog. Theor. Phys. 89, 1249 (1993). 

[8] K.Yamawaki, Prog. Theor. Phys. Suppl. No 123, 19 (1996) 

[9] A. Hasenfratz, P.Hasenfratz, K.Jansen, J.Kuti and Y.Shen, Nucl. Phys. B365, 79 
(1991) 



17 



